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INTRODUCTION
The Transtheoretical Model (TTM) is used in developing and monitoring the effectiveness of health interventions in research and health service contexts. This study focused on the multi-behavioral TTM because it addresses multiple behaviors, which makes it a promising strategy to control multifactorial morbidities, such as chronic diseases (1) . The main pillars of TTM encompass the stages of change (SC), decisional balance, self-efficacy, and processes of change. The SC represents the motivation and promptness of change (2) , and progression is mediated by the other components. Decisional balance involves the individual's perception of the advantages and disadvantages of modifying the targeted behaviors and selfefficacy, which is defined as the confidence in the ability to adopt new behaviors. The processes of change comprise cognitive, experimental, and behavioral strategies that encourage the progression across stages (3) . The results obtained using the TTM are positive, but are not consistently methodical. The present work systematically reviewed the effectiveness of the TTM in multi-behavioral interventions for changing eating habits and levels of physical activity.
METHODS
This review was conducted based on the recommendations of the PRISMA (Preferred Reporting Items for Systematic reviews and Meta-Analyses) guide. The following steps were undertaken in this study: The hypothesis and aims of the study were defined, the criteria for inclusion and exclusion of articles was established, bibliographical research was conducted, the material was carefully read, the information to be obtained from the articles was defined, and the methods of analyzing and presenting the results were established. The bibliographical research was performed with the purpose of answering the following question: Has the multi -behavioral change-eating habits and physical activity-using the TTM been effective? The databases of the United States National Library of Medicine (PubMed) and The Scientific Electronic Library Online (SciELO) were used. The keywords used (in Portuguese and in English) included (1) use of the Transtheoretical Model ("stages of change", "stage of change", "transtheoretical model", "transtheoretical model of change"); (2) addressing more than one behavior: Multi-behavioral Transtheoretical Model ("multiple behavior interventions", "multiple behavior changes"); and (3) inclusion of the eating behaviors and/or physical activity in the intervention ("dietary therapy", "eating habits", "physical activity", "diet and exercise"). All articles published before 2016 were identified, followed by an analysis of their titles, and an analysis of abstracts and full texts. When the title and the abstract met the established criteria, the selected articles were read in full (Table I) (4) . Moreover, the articles referenced in this work and additional available publications were recovered using the same inclusion criteria.
To verify agreement on the selection of articles to be analyzed in this review, two authors applied the proposed inclusion criteria in an independent and blinded manner. The kappa test was used to measure the concordance between the evaluators. In case of discordance, there was a discussion and a consensus was proposed and, when necessary, the other authors of this work were consulted. The articles associated with an unique study were analyzed separately, but referenced in the text according to the first publication.
RESULTS

STUDY SELECTION
The database SciELO did not have any articles containing the multi-behavioral TTM; therefore, only articles found in the PubMed database were analyzed. The independent evaluators reached an initial consensus over the selection of 78.8% of the articles (kappa test: 0.697). The discordance generated resulted mainly from the incomplete description of the methodology in the abstracts. (Table II) .
METHODOLOGICAL CHARACTERISTICS OF THE STUDIES
From the 18 analyzed studies, 14 were conducted in the United States of America, two in the United Kingdom (20, 27) , one in Brazil (28) and one in Canada (11) . The sample size in the studies varied from 71 to 5,407 (average = 1,349) participants, and included male and female participants. The average age ranged from 25, 8 to 75 years, with the exception of two studies which samples were composed by preadolescents (26) and adolescents (25) (Table II) . The main inclusion criterion for the studies was the presence of an aggravating factor, such as overweight (9, 10, 18, 20, 22, 27) , high blood pressure (12) , increased risk of cardiovascular diseases (20) , and diabetes mellitus (11) . The predominant design was the randomized clinical trial (5) (6) (7) (8) (9) (10) (11) (12) 14, 20, 22, 26, 28) , but studies of interventions without a control group (CG) (18, 26) , an experimental (1) and quasi-experimental (24) group were also identified. Only 8 studies clearly described the randomization method used (10, 12, 14, 20, 22, (26) (27) (28) .
From the 16 studies that had a CG, 31 % (n = 5) did not conduct an intervention. The treatment of the CG was generally defined as "usual care" (1, 6, 7, (10) (11) (12) 20, 22, 8) , and only five studies (7, 10, 12, 27, 28) described the intensity and type of care. In the majority of the studies, the comparability of the control and intervention groups (IG) was tested on the baseline values (1, (6) (7) (8) (9) (10) (11) (12) 14, 20, 24, 25, 27, 28) for demographical and socio-economic variables, among others, with the exception of two studies (5, 22) . In the study of Van Wier et al. (22, 23) , the groups were not statistically compared before the intervention, although all the analyses were adjusted by baseline values, which created an adjusted follow-up score. Most of the trials had a follow-up period of six months or longer (4) , varying between one (27) and 36 months (26) . Some studies presented participant losses considered acceptable over the short-(≤ 6 months) (6, 12, 27) and long-term (> 6 months) (5, 8, 11, 12, 26) ; one study did not give the loss information. We found losses ranging between 11,1% (27) and 63% (24) in the short-term studies and between 17,3% (26) and 46% (5) in the long-term studies. In general, these losses were lower in the CG. All studies evaluated the CG and IG (intervention group) at comparable time points, and additional analyses were performed only with the IG; in some studies, this was done for supporting the intervention (8, 11) . Seven investigations (39%) did not mention whether the researchers or the participants were blind to status (1, 5, 7, 11, 20, 22, 24) , and the reason given was the nature of the interventions (18, 20) or the presence of research assistants, who were not blind to the group assignment, during assessments (25, 26) . The remaining studies explained how blind analyses were performed or the data collection was carried out using self-report questionnaires without the involvement of the researcher (6, 8, 10, 12, 14, 27, 28) . Regarding the statistical analysis of the data, the majority of the studies controlled by potential confounding factors in intention-to-treat analyses (1, 5, (10) (11) (12) 14, 20, 22, 25, 26) . In addition, Prochaska et al. (7, 8) used the Generalized Linear Model, a method that allows the evaluation of a changing pattern across time, in addition to performing modeling and evaluation of missing data. For the evaluation of the main outcomes, the studies used Food Frequency Questionnaires (11, 14, 17, 22) , 24 hours Food Records (R24) (10, 13, 17, 18, 28) and general questionnaires concerning eating habits and behaviors (6) (7) (8) 14, 25, 26, 28) to evaluate food consumption. R24 were administered face-to-face, via telephone or computer, two (13) or three (10,17,18,28) times at each evaluation time-point. However, only one study included the consumption of micronutrients (13) , while the others limited the analysis to the consumption of calories, lipids, and food groups, including fruit and vegetables (FV). Concerning the practice of physical activity (PA), the studies applied distinct questionnaires in which the participants reported the duration and/or frequency of the activity (14, 16, 19, 20, 22, (24) (25) (26) . A seven-day PA (physical activity) Recall to estimate the daily energy expenditure (10, 13) , an ergometric test to evaluate the cardiac frequency or maximum oxygen consumption (13, 19) , a measure of the functional mobility in the elderly (16) , monitoring of PA with a pedometer (23) were among the measures used. Regarding other outcomes investigated, thirteen studies obtained anthropometric data (10, 12, 18, 20, 22, 27, 28) or used selfreported anthropometric information (5, 6, 9, 11, 22, 24, 25) . Weight was the most frequently used measurement, and some studies also included Body Mass Index (BMI) (18, 19, 24, 25, 27, 28) , waist circumference (WC) (10, 22, 28) , and body fat percentage (BF %) (19) . Some studies failed to report which questionnaire was used for evaluating the TTM pillar stages of change (6, 14) and only a few described the validation of this tool (5, 25, 26, 28) . The remaining TTM pillars (processes of change, decisional balance and self-efficacy) were used to monitor the results in only a few interventions (1,6,14,19,22).
INTERVENTIONS AND THE TRANSTHEORETICAL MODEL
The application methods for the intervention included online platforms, e-mails, phone calls (1,5-11, 14,22,25,26) and group (12, 18, 28) and individual (9, 20) face-to-face meetings. The professionals engaged in the development and execution of the interventions included nutritionists (10, 12, 18, 22, 28) , health educators (12, 20) , health coaches (9), psychologists (10, 18, 20, 28) , nurses (20, 24) , chaplains (24) , and physical education teachers (22) , or advisors (10,11); seven studies did not report who developed or performed the intervention (1, 5, 7, 8, (25) (26) (27) . The training of these professionals was mentioned in six of the studies (9, 10, 12, 20, 22, 28) . The TTM was used as an aid to classify the SC of the participants and assess the intervention (22) , as an intervention tool (10,12), or both (1, (5) (6) (7) (8) (9) 11, 14, 18, 20, (24) (25) (26) 28) . As an example, in the ALIFE@Work study (22) (performed with overweight workers) the advice related to PA was based on the stages of change, while the advice related to healthy eating habits was based on self-reports of food consumption. Some interventions were exclusively based on the TTM (1, 5, 7, 8, 10, 11, 18, 20, (25) (26) (27) (28) , while others (6, 12, 14, 22) used it in combination with other elements derived from behavioral and cognitive psychology or other theories (9,24). 
INTERVENTION EVOLUTION: EATING HABITS AND PHYSICAL ACTIVITY
Almost all the studies addressed healthy eating habits (HEH), and thirteen studies included advice on the increasing PA (1, 5, 6, 9, 10, 12, 14, 18, 20, 22, (24) (25) (26) . Interventions focusing on eating habits were particularly aimed at reducing the ingestion of fat and increasing the consumption of FV, which was explicitly addressed in 72% and 38% of the studies, respectively. Others monitored behaviors, including controlling the size of food portions (10) , and reducing calories (5, 22, 28) , sodium (13), alcohol (13, 22) and sugar (14, 22) (Table II) . Among the changes in eating habits, significant reductions were observed in the consumption of total fat (11, 13, 20, 22) , saturated fat (13, 14, 19) trans fat (14) , calories (10, 13, 19, 28) , sodium (13) and cholesterol (12); there was an increase in the ingestion of FV (7, 8, 11, 13, 14, 17, 25, 26) , vitamins, minerals and fibers (13) ( Table II) . Positive changes in behavior, such as increased intention, motivation and attitudes to achieve HEH (6) , and increased substitution of food with high-fat content for low-fat content, were reported. Reduction in the frequency and quantity of high-fat products and changes in the way the food is prepared (7, 8, 28) were also observed (Table II) . Some studies documented negative changes in eating habits, such as reduced consumption of FV after 24 months (13) or no alterations after the intervention in the ingestion of sugar (14) and FV (23) ( Table II) . The evolution of physical activity was evaluated primarily by the increase in frequency or duration (9, 10, 14, 19, 20, 22, 25, 26) , whereas the type and intensity of the activities were less explored. The work of Johnson et al. (5) and Cook et al. (6) , although including interventions for PA and HEH, did not include the analyses of the evolution in PA frequency and duration (5, 6) or in consumption or eating habits (5) ( Table II) . As a consequence of alterations in the eating habits and in the practice of physical activity, eight short-and long-term studies showed weight reduction among members of the IG (5, 13, 19, 22, 27, 28) and CG (6, 9, 27) , as well as reductions in their WC (10, 22) , BF % and BMI (19, 28) (Table II) . All the studies that evaluated the evolution of the SC reported positive results, and the patients progressed to the stages of action and maintenance (5) (6) (7) (8) 11, 14, 16, 19, 21, (24) (25) (26) (Table II) . Block et al. (14) was the only study that did not find an evolution in the ingestion of fat, despite the positive results for other eating habits.
DISCUSSION
The multi-behavioral TTM is a promising strategy for the promotion of healthy lifestyles, and positive results for multiple behaviors in various scenarios have been reported (1, 7, 29, 30) . However, methodological differences among the studies persist, which hinders the demonstration of their effectiveness and their use in theoretical and practical applications.
The positive points of the analyzed studies include the use of randomized clinical trials, which is an appropriate methodology to assess the effects of an intervention; large sample sizes; long-term follow-up; and suitability of the statistical analyses. Consequently, the majority of the studies found a significant evolution in the stages of action and maintenance in the participants, in addition to changes in the behaviors associated with HEH and PA, with significant differences among the intervention and control groups. Nevertheless, the studies also had methodological weaknesses, such as participant loss and omission of information concerning randomization and blinding. Most of the studies reported the intervention delivered to the CG participants, although the intensity of the intervention was not reported. Logue et al. (10) verified that, at baseline, 83% of the CG participants reported being advised by a physician to lose weight and 48% had previous experience with commercial programs for weight loss. In some studies, individuals of the CG evolved positively in their eating habits, levels of physical activity, and body weight, possibly due to CG group characteristics similar to those found in Logue et al. (6, 10) . The positive changes observed for the CG could also result from recruiting highly motivated volunteers or the financial support given to the participants (6, 10) . The selection processes used may have attracted individuals more likely to undergo lifestyle changes, who, therefore, were not representative of the general population (12) . Similar methodological weaknesses were also identified in a review that aimed to evaluate the effectiveness of TTM-based interventions on sustainable weight reduction. Besides pointing out the insufficient information related to randomization and blinding, the authors indicate others limitations such as wide use of self-reported measures and lack of post-intervention assessments that could allow verifying long-term weight loss sustainability (31) . It should be highlighted that the use of multi-behavioral TTM is justified considering the complexity of the behaviors associated with people's lifestyles. It is estimated that 15% of the population account for 60% of health care costs due to multiple healthrisk behaviors (1) . Considering the relevance of maximized costeffectiveness interventions, multi-behavioral TTM is promising for promoting coaction or paired actions, in which the change on one behavior can have a potential to change another behavior (29, 30) . The interventions evaluated in this review were included because they were multi-behavioral. However, sometimes the studies did not conduct simultaneous interventions for multiple health risks because some individuals were already at the action and/or maintenance stages for a certain behavior or individuals' choice of a particular type of intervention. Nonetheless, although at advanced stages of change, these individuals could have relapses, which support the multi-behavioral approach.
The interventions used had a heterogeneous set of methods, with different combinations of intensities, follow-up periods, technologies, theoretical models, uses of the TTM, target behaviors, target populations, and variables analyzed. Such heterogeneity makes it difficult to compare or reproduce the studies, in addition to limit the applicability of the discoveries to clinical practice (31) . The use of technological tools was a predominant method of intervention application. This is likely a consequence the complex logis-tics of face-to-face interventions, which require a large number of professional staff, substantial amounts of time, elevated cost, and other difficulties associated with reaching a large number of participants (6) (7) (8) 22) . On the other hand, the use of technologies may present some difficulties, like assessing the intensity of the intervention, actual participation of the individuals (14) , creation of bonds between the educators and the participants, and the sensitization and motivation achieved though virtual communication.
In addition, when evaluated by e-mail, the engagement of the participants was low. In one study, only 30% answered to the evaluation questionnaires sent six and twelve months after the study began (7) . The participation in such technological interventions also imposes certain requirements, such as knowing how to read and write and having access to a computer, Internet (1, (5) (6) (7) (8) (9) (10) (11) 14, 22) , or telephone (1, 10, 11, 22) . It also requires that the participants have the basic informatics skills to use interactive platforms, dynamic simulations, and access links (6, 14, 25, 26) . Concerning the use of the TTM, although it comprises four pillars, most of the studies explored solely the stages of change, despite the fact that the authors of the studies highlighted the importance of the other TTM mediators. The importance of evaluating all the pillars is evidenced in the work of Greaney et al. and Greene et al. (The SENIOR study) (16, 17) , in which the participants that received advice on diet and were at the maintenance stage had higher self-efficacy and use of the processes of change (17), whereas those who received intervention for the promotion of physical activity (PA) had a higher score in starting or maintaining activity (16) . Given the heterogeneous methodology observed, we suggest that CG members do not receive treatment or are exposed to interventions comparable in intensity to those received by IG members in future studies; therefore, the only distinction between the groups is the intervention content. Future studies of interventions should be detailed regarding the nature and magnitude of TTM dimensions that are used and carried out with methods applicable to the population in general. Potential limitations of this review include those linked to bibliographical research, such as the possible omission of studies related to the theme (32) . On the other hand, to minimize this bias, several strategies were employed; these included using a large number of keywords, determining the search strategies in advance, defining inclusion and exclusion criteria, having two independent researchers select the articles, reviewing any additional references in the selected articles, and contacting the authors of the articles when necessary.
The obtained results reveal a growing interest in the international use of interventions based on the TTM for multiple health-related behaviors, especially using technological tools (computer and telephone), which has not yet been seen in Brazil. They provide evidence of the need for national studies and publications.
